Annulate lamellae (AL) are stacked ER-derived membranes containing nuclear pore complex-like structures whose fate and function have remained a mystery. During the short interphase of early embryonic cells, AL are rapidly delivered into the nuclear envelope through fenestrations, highlighting the remarkable dynamics of the nuclear envelope.
The confinement of the genome within the nucleus suggests that it, like most organelles, is a physically distinct cellular entity. However, the two nuclear membranes that comprise the nuclear envelope (NE) are made up of one lipid bilayer that is contiguous with the endoplasmic reticulum (ER) (Figure 1 ). The morphological and biochemical identity of the NE is classically defined by the presence of nuclear pore complexes (NPCs), which are enormous 100 MD transport channels composed of nucleoporin (nup) proteins. Importantly, NPCs do not disrupt the continuity of the lipid bilayer between the NE and ER but effectively ''seal'' NE pores by controlling the passage of soluble and membrane-bound macromolecules into and out of the nucleus. Interestingly, the morphological distinction between NE and ER is blurred in some cell types, as extra-nuclear NPC-like structures occur in stacked ER cisternae (Cordes et al., 1996) . These ''annulate lamellae'' (AL) were considered repositories of excess nups, but this function was not formally established. Moreover, it is challenging to contemplate how (or whether) AL could be incorporated into the NE without breaking the NE ''seal'' that would also impose a topological barrier to such an event. In this issue of Cell, Hampoelz et al. (2016) show how rapidly dividing cells in the Drosophila embryo overcome this barrier by visualizing an elegant mechanism of AL incorporation into the NE. In addition to providing a solution to the long-standing question of the function and fate of AL, they also introduce a mechanism of membrane remodeling that is challenging our conventional view of a static interphase NE.
A common feature of early embryonic divisions is their rapidity, necessitating constant NE breakdown and reformation cycles. While Drosophila cells do not fully break down their NEs, NPC disassembly and NE fenestration allow spindle microtubules access to the chromosomes. During the ensuing 10 min interphase (consider that a typical mammalian cell interphase lasts several hours!), the NE almost triples in surface area while maintaining a constant NPC density. These observations suggest an intimate link between rapid NE expansion and de novo NPC assembly (D'Angelo et al., 2006) , but what are the sources of membrane and NPCs? As the embryonic Drosophila cells are chock-full of AL that disappear during interphase, a likely possibility is that they provide the raw materials for NE expansion. Indeed, by taking advantage of sophisticated time-lapse fluorescence microscopy coupled with correlative light EM and ''slice and view'' focused ion beam scanning EM, Hampoelz et al. convincingly demonstrate that AL are incorporated into the NE through large fenestrations (in some cases spanning several micrometers) in the NE that likely persist from the preceding mitosis ( Figure 1A ). The molecular mechanism of incorporation likely involves a growth in nuclear volume that might mechanically stretch the NE, further dilating these fenestrations and providing an entryway for the AL to come into direct physical contact with intranuclear factors like chromatin. Undoubtedly, membrane remodeling proteins that help shape the ER contribute to these processes as well through mechanisms that will await future study.
Interestingly, a key indicator of the capacity of the embryonic nuclei to undergo the dramatic NE remodeling necessary for AL incorporation is the marked mobility of NPCs, a bellwether of a uniquely dynamic NE-ER system. Consistent with this idea, as the embryonic cells progressively immobilize NPCs by the increased expression of intranuclear scaffolds like the lamins and lamin-binding proteins, they lose the capacity to incorporate AL into the NE. Thus, AL incorporation may be halted as cell fate and NE composition become cemented. Alternatively, AL incorporation might be slowed because of a requirement to remodel a rigid intranuclear lamin scaffold, a likely necessity for NE dynamics in highly differentiated cells with more established nuclear architecture (King and Lusk, 2016) .
A model in which the AL incorporate into the NE makes the prediction that the NE and AL together comprise a compartment that is distinct from the rest of the ER. Remarkably, and consistent with this idea, the permeability barrier of the NE to macromolecules remains intact despite the presence of the NE fenestrations, suggesting that the AL effectively seal the NE like a ''lid'' that would be part of a larger, yet-to-be defined NE-AL system (Figure 1) . A major challenge for the future is to understand how membranes competent for AL formation either remain connected with the NE during mitotic NE breakdown or establish connections by generating holes in a sealed NE. A likely possibility for the former scenario is that, during NE breakdown, some membranes (perhaps those that associate with the mitotic spindle) retain a biochemical or morphological signature of the NE that establishes competence for NE reformation and NPC assembly. The future identification of this molecular signature might represent the minimal fundamental component that triggers NPC assembly and provides the ultimate differentiator of the NE and ER.
What can AL teach us about the mechanism of NPC assembly? As the core scaffold components of the NPC assemble into AL within minutes, it is clear that building an NPC skeleton is a surprisingly efficient and rapid process; studying AL formation could thus provide an experimental system to determine the mechanisms underlying these events. An advantage of such a system is that it might harmonize reported differences in the biochemical (Doucet et al., 2010; Vollmer et al., 2015) and kinetic (Dultz and Ellenberg, 2010; Dultz et al., 2008) requirements of NPC assembly observed either at the end of mitosis or during interphase. For example, these differences might simply reflect layers of regulation present at these distinct phases of the cell cycle (Wandke and Kutay, 2013) or in unique cell types with distinct nuclear organizations that would be absent from a minimal AL assembly system.
To ultimately determine whether there are fundamental mechanistic differences in NPC assembly throughout the cell cycle or into AL will require a deeper understanding of the biochemical and structural intermediates that define the ''steps'' in each of these putative pathways. Perhaps most importantly, it needs to be definitively established whether these modes of assembly require a membrane fusion step to insert NPCs into double membranes (Wandke and Kutay, 2013) . Just as critically, as the NPC skeletons in AL lack critical asymmetric components of the NPC and several central channel nups, mechanisms must exist to trigger the completion of NPC assembly upon AL incorporation into the NE (Figure 1 ). This NPC ''maturation'' must rely on positional cues that could reflect binding to chromatin (Franz et al., 2007; Rasala et al., 2006) or to components of the nuclear basket known to be required for NPC assembly but missing from AL (Vollmer et al., 2015) . Thus, one exciting possibility is that the maturation mechanism reflects conformational changes to the NPC scaffold that expose otherwise hidden anchor points for the remaining nups. One wonders whether this process might be reversed during NPC disassembly or dynamically controlled to alter the transport properties of the NPC in response to environmental (or other) inputs. In either case, understanding the molecular basis behind these putative conformational changes will likely be a watershed in our understanding of NPC assembly and function. A) Annulate lamellae (AL) contain NPC skeletons lacking the full complement of nucleoporins (nups) that are embedded in stacked ER membranes. They are directly connected to the NE around large fenestrations. The NPC skeletons have nups capable of establishing a diffusion barrier to large macromolecules and are unlikely to mediate active nuclear transport of nuclear transport receptor (NTR) cargo complexes. (B) During rapid NE expansion in interphase, the AL are incorporated into the NE as NPC skeletons mature to complete NPC assembly. INM and ONM, inner and outer nuclear membrane, respectively.
